Association of dysregulated calcium homeostasis and granulomatous disease is well established. There exist reports in the literature of granulomatous reactions produced by silicones associated with hypercalcemia. In this case series we report four young women that underwent methacrylate injections in gluteus, thighs and calves that developed granulomas with posterior appearance of hypercalcemia. This complication presented as subacute around 6 months after the procedure. The four patients have as common elements the presence of moderate to severe renal insufficiency, suppressed PTH and elevated calcitriol levels for the degree of renal function. In the image studies, two patients presented in the nuclear magnetic resonance of the gluteus hypodense nodular images compatible with granulomas. Two patients had a positron emission tomography performed showing increased metabolic activity in the muscles of the gluteal region compatible with granulomas. Two patients had a partial surgical resection of the gluteal lesions with the finding of methacrylate associated to foreign body granulomas. In these patients hypercalcemia was treated with oral or local injections of corticoids, intravenous bisphosphonates or ketoconazole with good response. Although the prevalence of this complication with methacrylate injection is not common, hypercalcemia secondary to granulomas should be considered in the differential diagnosis of patients with hypercalcemia when there is a history of this procedure, and especially if they have a reduction in their renal function.
Introduction
The association of dysregulated calcium homeostasis and granulomatous disease was established in 1939 by Harrell et Fisher (1) . With the advent of automated serum calcium determinations, the presence of mild to severe hypercalcemia had been detected in up to 10% of the patients with sarcoidosis (2) . Hypercalcemia has also been detected in other granulomatous diseases as tuberculosis (3) , leprosy (4) beriliosis and disseminated candidiasis (5) . In physiological conditions, the calcium serum concentration is regulated mainly by parathyroid hormone (PTH) and 1,25-(OH)2 vitamin D through interactions with the kidney, bone and gut. In granulomatous disease hypercalcemia is produced because of the presence of 1α-hydroxylase enzyme in macrophages (6) and giant cells that form part of the granuloma. In the granuloma the 25 (OH) vitamin D is converted to 1,25-(OH)2 vitamin D without any type of homeostatic control. The increase in 1,25-(OH)2 vitamin D causes hypercalcemia with PTH suppression. Thus, the presence of hypercalcemia with suppressed PTH and inappropriately elevated 1,25-(OH)2 vitamin D suggests the diagnosis of granulomatous disease. In this case report series we describe the history of four females with severe hypercalcemia secondary to granuloma formation in the gluteus after methacrylate injection for esthetic reasons.
Case 1
Fifty three year old female who had a history of mammary prosthesis insertion in year 2006 without complications. In August 2009, having a normal serum creatinine (1 mg/dl), she underwent esthetic surgery of the gluteus with methacrylate injection. She became asthenic and in December 2009 she was found hypercalcemia (13.8 mg/dl) associated with decreased renal function and proteinuria for which she had a renal biopsy performed. She was treated with pulse steroids and oral methylprednisone as maintenance therapy. Serum creatinine decreased to 1.4 mg/dl and proteinuria became negative. In March 2011, because of worsening renal function she had
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07-Negri_-28/05/14 12:21 Pagina 44 © C I C E d i z i o n i I n t e r n a z i o n a l i a second renal biopsy performed. She was diagnosed as having pauci-immune diffuse glomerulonephritis with crescents. She received 3 pulses of cyclofosfamide and steroids. Hypercalcemia was persistent: 11.3 (08/04/11), 12.4 (01/08/11) and 15.2 mg/dl (21/11/11), with very low iPTH (3.5 pg/ml), and 1,25-(OH)2D of 55.5 pg/ml, with normal serum phosphate and magnesium. Thinking in the presence of a granulomatous disease, we tried to remove the material from the gluteus, but it was difficult to do it completely as it was fragmented and encapsulated. The analysis of the surgically extracted material showed on top of the presence of methacrylate, silicon material associated with a foreign body granulomatous reaction. In 2012 she is admitted to the hospital for persistent hypercalcemia and CRF. Hypercalcemia was treated with hydration, diuretics and calcitonin. She had a third renal biopsy performed (16/01/12) that was informed as moderate chronic tubule interstitial nephritis with mild mesangial glomerulonephritis. She was given corticosteroids in decreasing doses, blockage of the renin angiotensin system and treatment of her hypercalcemia with calcitonin and steroids. Due to her persistent hypercalcemia associated with severe pruritus she was given ketoconazol 200 mg every 8 hours. With this treatment serum calcium normalized and pruritus disappeared.
Case 2
Twenty nine year old female who had mammary prosthesis insertion in year 2001. In July 2006 she had a renal biopsy performed with the diagnosis tubulo-interstitial nephritis that was attributed to auto medication with anti-inflammatory agents and diuretics. After treatment she remained with chronic renal failure stage III. In March 2011 she had a serum creatinine of 1.9 mg/dl and in April she had esthetic surgery with transference of abdominal fat to the gluteus, thighs and buttocks associated with injection of methacrylate. In the analysis previous to that procedure her serum calcium was normal. In November 2011 she was hospitalized for cholecistitis. Cholecystectomy was performed associated with severe deterioration of her renal function. She developed hypercalcemia without evidence of hyperparathyroidism. She was treated with intravenous pamidronate with improvement of serum calcium and renal function. Her laboratory showed a serum creatinine of 3.65 mg/dl and a renal sonography showed both kidneys with reduced size and hyperecogenic. In May 2012 she had anemia, hypoalbuminemia, with a serum creatinine of 5.62 mg/dl (eGFR MDRD 9 ml/min) with a serum calcium of 12 mg/dl, 25(OH)D was 31.2 ng/ml, serum iPTH 11.6 pg/ml and calcitriol 88.3 pg/ml. Her serum converting enzyme determination was 91 ug/l (normal value up to 40 ug/l). An ecography of the mammary glands showed bilateral prosthesis with regular contours without signs of intra or extra capsular rupture. Nuclear magnetic resonance of the pelvis with focus in the bladder without contrast showed the presence of multiple nodular hypointense images in the subcutaneous tissue and in both gluteus with altered signal intensity in the muscle mass of both gluteus. Because of this, a biopsy was performed in the gluteal region looking for granulomas but the sample was insufficient. A positron emission tomography with Fluor-desoxyglucose combined with helicoidal tomography with fusion of congruent cuts was performed showing evidence of metabolic activity at the gluteus muscle, isquiotibial quadriceps and internal gemellus of both legs. This was associated with a subtle density increment of the muscle tissue with dense striations, increased uptake in the subcutaneous tissue of both gluteal regions and anteromedial face of both thighs and calves. The patient was treated with parenteral hydration, calcitonin and denosumab, with transient normalization of serum calcium. A renal function did not recover she began chronic hemodialysis.
Case 3
Fifty year old female who consulted in March 2012 because of decreasing renal function and hypercalcemia. In her laboratory analysis 8 months before, renal function was normal (serum creatinine 0.8-0.9 mg/dl). She had a history of left nephrectomy 20 years ago because of a renal tumor, for which she had received radiotherapy. She had performed multiple esthetic surgeries with implants and fillings. In September 2011 she had received methacrylate fillings in her legs. Her laboratory analysis showed a serum creatinine of 2.2 mg/dl (creatinine clearance of 23 ml/min), total serum calcium 13.2 mg%, iPTH 15 pg/ml and calcitriol of 53.6 pg/ml. Repeated analysis confirmed her hypercalcemia with decreased renal function similar to previous values. Proteinogram was normal without light chains in the urine. X rays of the skull and both hands the same as a bone centelleogram were normal. Axial computed tomography of the thorax, abdomen and pelvis were normal. A magnetic resonance of both thighs showed nodular images at the subcutaneous tissue compatible with granulomas. She was treated with methyl prednisone 8 mg per day.
Case 4
Thirty nine year old female HIV+ for 18 years treated with antiretroviral therapy without any marker disease with viral load and CD4 in expected ranges. She presented a virological failure for which her medication was changed to tenofovir, atazanavir and ritonavir. She had performed multiple esthetic surgeries with implants and fillings with methacrylate in the lower extremities in 2009. She consulted to the hospital in March 2010 because of severe reduction on renal function (creatinine clearance 19 ml/min) without changes after interruption of her medications. She had normal blood pressure; urine sediment was negative for hematuria, and a non-selective proteinuria of 0.6g/24hs. Laboratory workup showed hypercalcemia of 12mg/dl, 24-hr urinary calcium of 672mg, iPTHi 16 pg/ml, 25OHD 9 ng/ml; calcitriol 94 pg/ml (Normal: 18 a 60) and serum Cross laps 1492 pg/ml. She had several complemmentary studies performed: 1) a percutaneous kidney biopsy that was informed as compatible with tenofovir toxicity associated with calcium deposition in glomerular capillaries and tubules 2) a bone densitometry that was normal. A positron emission tomography with Fluor desoxyglucose was performed that showed increased activity at the gluteus and thighs between muscles fibers suggesting infiltrates around methacrylate deposits ( Figure 1 ). She had a muscle biopsy performed that showed granulomas around methacrylate deposits (Figure 2) . She began treatment with methyl prednisone with poor compliance with the medication. She had several readmissions to the hospital because of severe hypercalcemia and hypertension (170/100 mmHg) with decreased renal function (serum creatinine 2 mg/dl; eGFR MDRD 27ml/min). Due to 07-Negri_-28/05/14 12:21 Pagina 45
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the extension of the granulomatous infiltration it could not be completely removed surgically. She was treated with intralesional injections of triamcinolone 30 mg every 3 days for 9 days having a sustained response during 3 months with correction of her serum calcium (9.2 mg%) with a decrease in 1,25 (OH)2 vitamin D levels (61 pg/ml) decrease in serum Crosslaps (570 pg/ml) and improvement in renal function (creatinine clearance 50 ml/min). At the present moment she has poor adherence to her diet and treatment, having readmission to the hospital because of hypercalcemia that are controlled local triamcinolone injections.
Discussion
In this case series we describe for the first time the production of severe hypercalcemia secondary to granulomatous reactions to methacrylate injections used in filling procedures. Several substances are used in filling or infiltrative procedure with the purpose of increasing volume in certain areas of the body or face: polymetacrilate (Metacril®, Artecoll®), hyaluronic acid (for temporary fillings) and hyaluronic acid compounds (Juvederm®, Surgederm®) and silicones (7) . Granulomatous reactions secondary to the filling materials are rare complications, most frequently found with permanent materials such as silicones (8), methacrylate and paraffin, and less frequently with biodegradable o resorbable materials. In a 10 year experience with silicone injections, 92 patients (9) developed granulomas subsequently in 13 injection site. The greatest part of the cases occurred in the first 12 months, but in some cases it took several years to appear and in one case it appeared 7 years after. During the past 15 years, polymethyl methacrylate has been used as another synthetic permanent filling element to increase soft tissues volume. Salles et al. (10) reported 32 cases of complications, the greatest part in young females (mean age 43.6 years). In 10 of these cases they observed granulomas that usually presented as subacute complications 6 to 12 months after the procedure, although they can 07-Negri_-28/05/14 12:21 Pagina 46 © C I C E d i z i o n i I n t e r n a z i o n a l i occur after a longer period of time (11) . Other reports in the literature, show that this complication occurs independent of the site where the methacrylate is implanted (12, 13) . The problem with this complication is that although is rare, it is frequently permanent as the granulomatous lesions are very difficult to remove surgically. Sometimes granulomas can be removed by the local intra lesional injection of corticoids (14) . There exist reports in the literature of granulomatous reactions produced by silicones associated with hypercalcemia (8, (15) (16) (17) but as far as we know there are no registered cases of hypercalcemia induced by granulomas produced by methacrylate injection. In this case series we report four young women that underwent methacrylate injections in gluteus, thighs and calves that developed granulomas with posterior appearance of hypercalcemia. This complication presented as subacute around 6 months after the procedure. The four patients have as common elements the presence of moderate to severe renal insufficiency, suppressed PTH and elevated calcitriol levels for the degree of renal function (Table 1 ). In the image studies, two patients presented in the nuclear magnetic resonance of the gluteus hypodense nodular images compatible with granulomas. Two patients had a PET performed showing increased metabolic activity in the muscles of the gluteal region compatible with granulomas ( Figure 1) . Two patients had a partial surgical resection of the gluteal lesions with the finding of methacrylate associated to foreign body granulomas ( Figure 2) . Hypercalcemia in these patients was treated with oral or intra lesional corticoids or with intravenous bisphosphonates with good response. Although excessive intestinal absorption is a less frequent cause of hyperkalemia compared to that produced by excessive osteoclastic bone resorption, it plays an important role in the case of vitamin D intoxication, lymphomas or granulomas. The presence of extra renal 1Alfa-hydroxylase in macrophages explains the elevated levels of calcitriol observed in our patients with granulomas, despite the important reduction in renal function (18, 19) . It is probable that there is also a resorptive component in these patients as there is in patients with sarcoidosis in which the urinary excretion of calcium was seen to exceed the daily ingestion of calcium (20) . Either the primary cause of hypercalcemia is excessive intestinal absorption of calcium, or accelerated bone resorption or both, the kidney is the primary defense mechanism against serum calcium increment, through an increase in urinary calcium elimination. As in the case of our patients, when the capacity of the kidney to excrete calcium is compromised, the patients become hypercalcemic. Corticoids remain as the principal therapeutic option for hypercalcemia produced by excessive production of 1,25-(OH)2 D3 by the macrophages present in the sarcoid granulomas (21) . Systemic corticoids inhibit the production of calcitriol as they suppress pro-inflammatory cytokines and quemokine production. The problem is that treatment frequently has to be continued for a long term to maintain normocalcemia, with associated side effects. Ketoconazole is an imidazole antifungal that inhibits the 1 alfa-hydroxylase from the macrophage and has been used to treat hypercalcemia associated to primary hyperparathyroidism (22) , tumors, sarcoidosis (23, 24) and even tuberculosis (25) . Chloroquin y hydroxichloroquin, on top of ketoconazol are drugs that can be used if the patient fails to respond or develops dangerous secondary effects due to therapy with steroids (26) . Although the prevalence of this complication with methacrylate injection is not common, hypercalcemia secondary to granulomatosis should be considered in the differential diagnosis of patients with hypercalcemia when there is a history of this procedure, and especially if they have an important reduction in their renal function. 07-Negri_-28/05/14 12:21 Pagina 47 © C I C E d i z i o n i I n t e r n a z i o n a l i
